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OPTICAL TRANSCEIVER 

Field of the Invention 

5 The present invention relates to a compact optical transceiver with superior optical 

and electrical isolation and, in particular, to the use of differential compensation. 

Background to the Invention 

The sharp increase in Internet usage has generated a strong and robust demand 
10 for high-speed access networks to customers' premises (fiber-to-the-home, fiber-to-the- 
business, etc). In addition to realizing stable high-speed and large-capacity 
communication, optical access networks have to break into an environment that is very 
cost sensitive and therefore requires a big reduction in the associated cost of optical fibre 
and components. 

15 The Passive Optical Network (PON) architecture has been viewed favorably as 

one of the promising candidates for the access network. One of the key elements for the 
deployment of PON is the optical transceiver, which has simultaneously the capability to 
emit, receive and also discriminate between the two optical wavelengths used. In the 
most basic configuration, two optical fibers are necessary for optical communication, with 

20 one fibre for each direction. However, this two optical fibre requirement is not economical, 
and also wastes huge space in order to accommodate the optical fibre connection. 

In order to reduce the number of fibres required in such systems, bi-directional 
communication can be used, as illustrated in Figure 1. In this configuration 10, two widely 
separated wavelengths (typically 1480-1600nm in one direction, and 1260-1360nm for 

25 anottier direction) are carried on a single fiber. The downstream data 1 1 from flie central 
office, at tiie Optical Line Terminal (OLT) 12, is transmitted in flie 149pnm wavelengfli 
band, while tiie upstream transmission 13 from the customer premise, tiie so-called 
Optical Networic Unit (ONU) 14, is based on tiie 1310nm wavelength band. 

Moreover, in more recent fiber-to-the-home applications, tiiree wavetengtiis are 

30 considered (ITU-T G.983.3), where ttie wavelengtti bands 1480-1 SOOnm and 1260- 
1360nm carry data signals in opposite directions, and a third wavelengtti band 1539- 
1565nm cames broadcast signal (such as CATV signal) in one direction. In ttiis case, a 
simplepackage needs to be provided, which can house a laser light source, two receiver 
photodiodes and two WDM (wavelengtti division multiplexing) filters, 

35 In order to economically realize ttiis type of PON system, and to reduce the size of 

the system, a laser light source, photodiodes, and the WDM filters need to be integrated 
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to one compact package, while meeting the perfomiance specifications defined in the 

international standards. 

For a typical optical transceiver, the mean transmitter output power from the laser 
source is around +2dBm. while the receiver sensitivity should be at least -30dBm. 
5 Therefore, if a signal-to-noise ratio of at least 15dB is assumed, it becomes necessary to 
suppress both the optical and electrical cross-talK down to around -47dB (2+30+15=47). 
This stringent requirement is not easy to meet, and either higher electrical or/and optical 
cross-talk will compromise the operation of the transceiver. 

In a prior art system shown in Figure 2, the transceiver 20 comprises a laser diode 
1 0 packaged in a transistor outline (TO) can 21 with, a TO-packaged photodiode 22, a WDM 
filter (beam splitter 23), and a glass lens 24, all assembled together in a single package 
coupled to an optical fibre 25. The WDM filter 23 separates the outgoing light from the 
incoming light, based on the difference of wavelengths. The drawbacks of this approach 
are: firstly, because of the use of bulk optics, the package size is large, secondly it 
15 requires separate optical alignment for both the laser and a photodiode, and thirdly it 
requires separate TO cans for a laser 21 and a photodiode 22 and also precision bulk 
optics, making the package cost higher. The stringent optical isolation requirement also 
places a consti^int as to how close the transmitter and receiver chips can be mounted to 
realize a more compact module. 
20 In anotiier configuration used in a prior art a compact hybrid monolithic integration 

on a snicon optical bench 31 is used. Figure 3 shows tiie schematic of ttie module's 
optical subassembly 30. In ttiis case, flie 1.3Mm transmission light is generated by a laser 
dtode 32, coupled into an optical waveguide 33 and ttien passes tivough a WDM filter 34 
befbre being coupled into a single mode optical fibre 35, which is overiaid with glass 36 
25 and has a fentile 37 for assembly. On the ottier hand, ttie 1.55jim light to be received 
exits ttie optical fibre 35, is coupled into the optical waveguide 33 and ttien reflected by 
the WDM filter 34 before being detected by ttie 1.65j»m photodiode 38. and ttie resulting 
signal amplrfied by a pre-ampllfier 39. However, optical coupling between ttie optical 
waveguide 33 and ttie optical fibre 35 or between ttie laser diode 32 and ttie optical 
30 waveguide 33 is not very high. Therefore, ttiere is a large power loss for ttie outgoing 
1.3fim laser light as well as incoming ISSjun light More importantiy, ttie power loss for 
ttie incoming light results in poor receiver sensitivity, which is ttie crucial parameter for ttiis 
type of optical system. 

As shown in Figure 4(a), a furttier prior art system 40 utilizes even more compact 
35 monolittiic integration, whereby a laser diode 41 having a grating rear reflector, a 
wavelengtti-selective absortJing section 42, and a photodiode 43, are monolittiically 

2 
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tegrated on the same Indium PhosfDhide (inP) substrate 44, and the whole assembly, 
including a preamplifier 45, is packaged into a small module 46, as shown in Figure 4(b). 
The 1.3fim laser light is emitted directly from the laser facet, while the light exiting the 
laser section 41 in the other direction, via the grating reflector, is partially reflected by the 
5 grating and partially absorbed by the absorbing section 42. which comprises the same 
material as the laser diode 41. The incoming 1.55jxm light is coupled into the laser first 
41, passes through the absoriber 42, and finally fed into the photodiode 43. The absorbing 
section does not absoria very much of the 1.55^lm light The drawbacks of this known 
approach are: firstly, the efficiency of coupling the 1.55fim incoming light Into the laser 

10 section is not large (typically 20-30%); secondly, the incoming 1.55^m light is partially 
absorfDed in the absorbing section; thirdly, optical isolation between the laser and the 
photodiode is not large enough, resulting in high cross-talk; and fourthly, the electrical 
isolation and cross-talk is not low enough, as tiie laser and tiie photodiode are fabricated 
in relatively close proximity on the same InP substrate. 

15 From the above, it is clear that simple monolithic/hybrid integrated photonic 

integrated circuit (PIC)-based solutions are not able to meet the electrical and optical 
cross-talk requirements. The woricing alternative is that based on precision bulk optics, 
which results in a large module and requires strict alignment of both the transmitter and 
receiver in a 90^ relative orientation. Packaging and mounting of such a module is not 

20 easy. As a result, tiie expensive and stringent manufacturing processes involved means 
that It is very difficult to realize a cost-competitive solution. 

Summary of the Invention 

According to a first aspect of the present invention, an optical transceiver 
25 comprises: 

an optical port for coupling opta'cai signals into and out of the optical 
transceiver; 

a first optical transmitter for generating an optical output signal at a first 
wavelength in dependence on an electrical driving signal; 
30 a first optical receiver for detecting an opta'cat input signal at a second 

wavelength, flie optical receiver generating an electrical received signal in 
dependence on the optical input signal; and, 

means for compensating for an electrical en"or signal, the error signal being 
generated by the optical receiver in dependence on a portion of the optical output 
35 signal detected at tiie first wavelengtii and added to the electrical received signal. 
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In this manner, any contribution to the overall electrical received signal generated 
by the receiver that derives from stray transmitter light detected by the receiver can be 
compensated for by an equal and opposite electrical signal derived solely from the 
transmitter light. As a result, a high level of "effective" optical and electrical isolation 
between the transmitter and receiver can be achieved in the transceiver by post-detection 
processing of the electrical signals. 

Preferably, the compensating means comprises: 

a second optical receiver for generating an electrical correction signal in 

dependence on a portion of the optical output signal detected at the first 

wavelength; and, 

means for combining the electrical correction signal with the electrical 
received signal and enx)r signal such that, in use, the electrical error signal is 
substantially compensated for. 
Altematively, the compensating means comprises: 

a second optical transmitter for generating an optical correction signal at 
tiie first wavelength in dependence on the electrical driving signal; 

a second optical receiver for generating an electrical con-ection signal in 
dependence on the optical con'ection signal; and, 

means for combining the electrical con-ection signal with the electrical 
received signal and en-or signal such that, in use, the electrical en-or signal is 
substantially compensated for. 

Thus the necessary conBction of the electrical signals can be achieved either by 
anti-phase addition of signals form a "miror^ pair of photodiode receivers or else by 
driving a "mirror* pair of laser transmitters in antiphase and adding the signals resulting 
form detection by a "mirror* pair of photodiode receivers. The appropriately phased 
addition of the electrical signals may be achieved by using a summing or differential 
amplifier. 

According to a second aspect of the present invention, an optical transceiver 
comprises: 

an optical port for coupling optical signals into and out of the optical 
transceiver; 

an optical transmitter for generating an optical output signal at a first 
wavelength in dependence on an electrical driving signal; 

an optical receiver for detecting an optical input signal at a second 
wavelengtii, the optical receiver comprising a photodetector formed on a receiver 
substrate, the photodetector generating an electrical received signal in 
dependence on the optical input signal; and, 
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a wavelength division multiplexing (WDM) filter for routing the optical output 
signal from the transmitter to the optical port and for routing the optical input signal 
from the optical port to the receiver, the WDM filter comprising a thin film filter 
disposed on the receiver substrate, the receiver substrate disposed at an angle of 
substantially 45 degrees to a plane containing the transmitter. 
In this manner, the transceiver comprises a composite receiver-demultiplexer 
which both simplifies the device aallowing it to be more compact. 

Preferably, the photodetector and the thin film WDM filter are disposed on an 
upper surface of the receiver substrate and an optical coating that is reflective at the 
second wavelength is disposed on a lower surface of the substrate such that, in use, the 
optical input signal diffracted through the thin film filter and reflected by the optical coating 
towards the photodetector. 

This arrangement improves optical isolation between the transmitter and 
receiver by providing additional spatial and angular separation of the optical paBis 
for the output and input signals. The concept can be extended to a triplexer 
ti^nsceiver in which the input signal comprises signals at two different 
wavelengths, which must be demultiplexed and detected by separate receivers. 
Furthermore, the differential electrical correction technique employed in the 
fansceiver according to the first aspect may also be used for additional effective 
isolation. 

Brief Description of the Drawings 

Examples of the present invention will now be described in detail witii reference to 
the accompanying drawings, in which: 

Rgure 1 illustrates bi-directional communication between the central office (OLT) 
and a customer premises (ONU); 

Figure 2 shows a known transceiver system using bulk optics; 

Figure 3 shows a known ti-ansceiver system utilizing hybrid integration on a Si 
opti'cal bench; 

Rgure 4A shows a known transceiver system utilizing monolithic integration of a 
laser diode, an absort^ing section and a photodiode; 

Figure 4B shows a module incorporating the monolithically integrated chip shown 
in Figure 4A; 

Figure 5 shows a first embodiment of an optical ti^nsceiver according to the 
present invention; 

Figure 6 shows a second embodiment of an optical transceiver; 
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Figure 7 shows the application of QWI to an optical transceiver of the type shown 
in Figure 6; 

Rgure 8 shows a third embodiment of an optical transceiver; 
Figure 9 shows a fourth embodiment of an optical transceiver; 
5 Figure 10 shows the overall configuration of a fifth embodiment of an optical 

transceiver 

Figure 11 illustrates the separate FP/MPD and PD chips for a transceiver of the 

type of shown in Figure 10; 

Figures 12A and 12B show, respectively, a plan view and side view of a TOSA 
10 packaging for the type of transceiver shown in Figure 1 0; 

Rgure 13 shows a sixth embodiment of the type of an optical transceiver. 
Figure 14 shows a seventh embodiment of an optical transceiver 
Figure 15 shows an eighth embodiment of an optical transceiver 
Figure 16 illustrates the physical chip layout and mounting for the type of 
1 5 transceiver shown in Figure 1 5; 

Figures 17A and 17B show, respectively, a plan view and side view of a TOSA 
packaging for the type of transceiver shown in Figure 15; 

Figure 18A shows a perspective view of a PD/WDM-filter chip for the type of 
transceiver shown in Figure 15; 
20 Figure 18B shows the epitaxial layer staicture of tiie PD/WDM-filter chip shown in 

Figure 18A; 

Figure 19 shows a ninth embodiment of an optical transceiver, 

Figures 20A and 208 show, respectively, a plan view and side view of the physical 
chip layout and mounting for the type of transceiver shown in Figure 19; 
25 figure 21 shows a tenth embodiment of an optical transceiver 

Rgures 22A and 228 show, respectively, a plan view and side view of the physical 
chip layout and mounting for the type of transceiver shown in Figure 21; 

Figure 23 shows the detailed structure of a PD/WDM-filter chip for the type of 
transceiver shown in Figure 21; 
30 Figure 24 shows a drive circuitry for the FP laser diodes, monitor and receiver 

photodiodes for tiie type of transceiver shown in Figure 21 ; 

Rgures 25A and 258 show, respectively, a plan view and side view of a TOSA 
packaging for ihe type of transceiver shown in Figure 21; 

Figure 26 shows a side view of the physical layout and mounting of an eleventh 

3 5 embodiment of an optical transceiver 

Rgures 27A and 278 show, respectively, a plan view and side view of a TOSA 
packaging for the type of transceiver shown in Figure 26; 
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Figure 28 shows the detailed structure of a PDA/VDM-filter chip for a twelfth 
embodiment of an optical transceiver; and. 

Figure 29 shows the detailed stnjcture of a PD/WDM-filter chip for a thirteenth 
embodiment of an optical transceiver; 

5 

Detailed Description of the Invention 

In the present invention, new designs are provided for a compact optical 
transceiver module with improved electrical and optical isolation performance, such that it 
could meet the requirements of PON with speeds of 1Gbps and above. In describing the 

10 following embodiments, we will be focusing on the optical transceiver at the customer 
premise, the ONU. However, the same concept could equally be applied to that at the 
central office, at the OLT. 

As pointed out above, electrical and optical isolation of the two wavelengths of 
light, namely the 1310nm band and the USOnm band, is critical, especially at the receiver 

15 photodiode (PD). Preferably, the receiver PD should only be sensitive to the downstream 
1490nm light, and not to the 1310nm upstream light. However, as a result of the close 
proximity of the 1310nm transmitter light source, e.g. a Fabry-Perot (FP) laser diode, and 
the receiver PD in the ONU transceiver, as well as the strength of the transmitter signal 
versus the weakness of the receiver signal, it is not possible to completely eliminate flie 

20 effect on the receiver PD of stray 1310nm light. 

In the present invention, an electrical cancellation metiiod is provided to improve 
tiie cross-talk achievable in a compact optical transceiver module. Here, a balanced 
receiver interface is incorporated, which comprises a pair of receiver PDs with matching 
perfbnmance connected up to the differential inputs of a transimpedance amplifier (TIA). 

25 By using a differential operation at the TIA, it is possible to null out unwanted common 
signals incident onto tiie receiver PD pair ttirough common mode rejection (OMR). An 
alternative scheme employs a pair of matched FP laser diodes and which are driven in a 
differential manner, such fliat ttie effect of the 1310nm light is cancelled out when tiie 
signals from tiie receiver PD pair are summed by tiie TIA. These schemes greafly 

30 enhance the electrical and optical isolation between the two wavelengtiis of light in the 
ONU transceiver, realizing an isolation improvement of more tiian 20dB. 

The invention is based on matched-perfomriance FP laser diode pairs for light 
generation, and photodiode pairs for 1490nm light detection and 1310nm light monitoring. 
This requirement for good matching of photonic components is easily met with tiie 

35 tolerances cun^entiy available in semiconductor wafer manufacturing processes, as tiie 
perfonmance variation between two neighboring dies is minimal. In addition, tiie 
temperature^ependent characteristi'cs of ttie neighboring devices are expected to be 
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milar too. More importantly, a matched dfevice pair located on a single compact chip 
means efficient temperature tracking between the devices, ensuring matched 
performance across the entire operating temperature range. Furthermore, ageing 
characteristics of the matched pairs are also expected to be similar and, as a 
5 consequence, electrical and optical isolation in the transceiver will not degrade with time. 

The design flexibility realizable in a transceiver according to the present invention 
allows the optical parts to be placed in very close proximity, while not compromising the 
electrical and optical isolation requirements. This leads to a very compact module with 
low material cost and low manufacturing cost, as illustrated in the transmitter optical 

10 subassembly (TOSA) packages shown in Figures 12. 17, 25 and 27. 

In the first embodiment of a transceiver 50 according to the present invention 
shown in Figure 5. three separate chips are used, namely chip C1 with the FP laser diode 
51 and two sets of WDM filters 52. 53, chip C2 with a receiver PD pair 54, 55 and chip C3 
with a monitor PD 56. Light from the FP laser diode 51 is tapped out from both facets 58. 

15 59 and guided into ports PS of the WDM filters 52. 53. This light exits the WDM filters 
through ports PI on the first chip C1, and is either coupled into an optical fibre for onward 
transmission or is incident onto the monitor PD 56 on chip C3. The incoming signal at a 
wavelength 1490nm is guided from port PI to port P2 of the WDM filter 52 and then onto 
a receiver PD 54 element on chip C2. 

20 Due to the imperfect filtering operation, some of the 1310nm light will be coupled 

out via ports P2 of the WDM filters. Furthermore, this unwanted stray 1310nm light is 
guided into the receiver PD 54, degrading the optical isolation. However, according to the 
present invention the transceiver comprises a pair of receivers 54, 55. which are 
connected to the differential inputs of a trans-impedance amplifier (TIA) 57, In this way. 

25 the undesired 1310nm light is rejected, since it appears as the common signal from the 
receiver PD pair. In addition, by separating the FP laser diode/WDM filter arrangement 
from the receiver PD pair and locating them on two separate chips, electrical isolation is 
also very much improved. By ensuring good matching of the two outputs (front 58 and 
back 59) from the FP laser, and also flie WDM filter pair 52, 53, waveguides and receiver 

30 PD pair 54, 55 an isolation improvement of better than 20dB can be achieved. Together 
with the typical 20dB filtering performance from tiie WDM filter, a much reduced optical 
and electrical cross-talk for the transceiver is possible. 

In the second embodiment of the optical transceiver 60, shown in Figure 6, there 
are again three chips, but chip CI now contains a pair of identical FP laser diodes 61, 62 

35 and two WDM filters 63, 64. In this configuration, the laser driver TX 65 drives the FP 
laser diode pair 61, 62 using a differential mode operation. The 1310nm light from the 
upper FP laser diode 61 is guided to port P3 of the WDM filter 63, which will then exit at 
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Drt P1 to an optical fibre. Similarly, the output light from the lower FP laser diode 62 
passes through port P3 and then P1 of the WDM filter 64 to a monitor PD 66. The 1490nm 
incoming signal light enters the transceiver 60 through port P1 of the upper WDM filter 63 
and is filtered to port P2 and thereafter is guided to the upper receiver PD 67. 
5 Here, coupling the ports P2 of the WDM filters 63, 64 to the receiver PD pair 67, 

68 located on chip C2, and feeding the electrical output signals from the receiver PD pair 
as positive inputs to a TIA 69, nulls out any undesired 1310nm light signals originating 
from the differentially driven FP laser diode pair. This allows very good optical isolation to 
be achieved between the incoming 1490nm light and the outgoing 1310nm light Of 

10 course, in a similar manner to the first embodiment the use of the separate chip design 
ensures good electrical isolation. 

Optical isolation between the 1490nm and 1310nm light in tiie transceiver 70 can 
be further enhanced by intiDducing quantum well intermixing (QWI) to certain locations of 
chip C1, as shown in Figure 7. Here, the device is initially grown so as to be absoriaing at 

15 1310nm. The waveguides leading from the FP laser diode pair 71, 72 and the WDM filter 
pair 73, 74 are tiien QW intermixed, as indicated, to render tiiem transparent to 1310nm 
light The as-grown non-intermixed waveguides from port P2 of WDM filters 73, 74 to the 
receiver PD pair 77, 78 remain absorbing to flie 1310nm unwanted light whereas the 
incoming 1490nm light is not absorbed by any of the waveguides in chip C1. 

20 Consequently, the optical isolation between Oie 1490nm signal light and unwanted 
1310nm light at tiie PDs is improved by an additional 10-20d3. Details of flie application 
of QWI to absorption contix}| are given in a co-pending International patent application, 
Agenf s reference PJF01601WO. 

Figure 8 shows a tiiird embodiment of a ti^nsceiver 80 in which the matched FP 

25 laser diode pair 81, 82 and receiver PD pair 83, 84 are retained, but the WDM filter set is 
eliminated. Here, 1310nm light emitted from flie front facets of flie well-matched FP laser 
diode pair, is guided to an output optical fibre and a monitor PD 85, respectively. Ught 
emitted from flie back facets of flie FP laser diode pair is routed via ottier waveguides 
towards flie receiver PD pair 83, 84 in chip C2. The 1490nm signal light is coupled into 

30 chip CI. and flien transmitted along a waveguide (ti^nsparent to 1490nm light) flirough 
flie FP laser 81 and out towards the receiver PD for detection. The electrical output 
signals from flie receiver PD pair 83, 84 are fed to ttie positive inputs of a TIA 86. Again, 
by driving tfie FP laser diode pair in differential mode operation 87, flie unwanted common 
1310nm signals detected by flie PD pair 83, 84 are easily cancelled by simple addition 

35 and common mode rejection. 

Employing flie QWI technique can make further gains in isolation. The 
waveguides leading from flie back facets of ttie FP laser diode pair 81, 82 can be 
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tndered absorbing to light at 1310nm by designing the epitaxial layer structure of chip C1 
to absorb 1310nm light The remaining portion of chip C1 is then QW intermixed for 
emission at 1310nm by the FP laser diode pair 81, 82 and for transparency in the front 
waveguides. In this way. the back propagating 1310nm light from the FP laser diode pair 

5 will be absorbed by the non-intermixed waveguides leading from the back facets towards 
the PD pair 83, 84, greatly enhancing the optical isolation. 

It should be noted that, although this compact configuration is based on a simple 
"in-line" photonic IC structure, the serious cross-talk problem has been solved by 
implementing differential compensation to reject the unwanted 1310nm light signal, using 

10 a vrell-matched FP laser diode pair and receiver PD pair. Together with the absorbing 
passive waveguides located after the FP laser diode pair, overall cross-talk in the 
transceiver is reduced to the required level of -5GdB. 

The above configuration can be further simplified by adopting common-phase 
driving 97 of the FP laser diode pair 91, 92, resulting in the transceiver 90 of the fourth 

15 embodiment shown in Rgure 9. The three-chip design is similar to that shown in Figure 8. 
However, here the electrical output signals from the receiver PD pair 93. 94 are 
connected, respectively, to the positive and negative inputs of the TIA 96. In this 
embodiment, the unwanted 1310nm light from the FP laser diode pair 91, 92 is again 
guided to the receiver PDs 93, 94. However, with the TIA 96 employed in a differential 

20 configuration, the unwanted 1310nm light signal is cancelled by CMR. thereby improving 
the effective optical isolation. In a similar manner to the tiiird embodiment, ihe 
combination of the differential detection scheme and passive waveguides that absorb 
most of the unwanted 1310nm allows the transceiver 90 to meet the required level of 
cross-talk. 

25 Figure 10 shows a fiftii embodiment of an optical transceiver 100 based on a 

combination of tiiose shown in Rgures 8 and 9. Also shown is the layout of tiie CMOS 
analog integrated circuit (IC) 105 used to drive botti the transmitter and receiver parts of 
the transceiver. A single-phase drive (DRV) is used to operate tiie FP laser diode pair 
101, 102, while tiie electrical output signals from tiie receiver PD pair 103, 104 are 

30 connected for differential amplification so Oiat tiie undesired 1310nm light signal is 
cancelled out In tiiis an^ngement, each PD 103, 104 has an associated TIA (TIA1. TIA2), 
the output from which is fed into a differential amplifierlOO. Furtiiermore, a pair of in-line 
monitor photodiodes (MPDs) 107, 108 is included, which provide additional signal 
infonnation that can be processed and used to enhance still further tiie quality of CMR. 

35 The receiver part of the circuitry consists essentially of ti-ansimpedance amplifiers 

(TIAs) as the main building blocks, but also includes low pass filters (LPF1, LPF2), 
Gilbert-cell mixers (MLT1, MLT2) and simple linear functional blocks (F1, F2). These 
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Dmponents. are used to process the signals from the MPDs, In particular, the linear 
functional blocks (F1, F2) are used to implement a linear scaling function, such as Ax+S, 
where x is the input and A and B are variable controls. This provides the necessary 
control to ensure an even higher degree of common mode rejection using the differential 
5 106 detection scheme. The transmitter part of the drcuitry comprises a PMOS driver with 
bias setting, and p-side driving of FP laser diode pair is employed. 

Figure 11 illustrates the actual physical layout of the components for this fifth 
embodiment of a transceiver 110. The FP laser diode pair (FP1, FP2) and MPD pair 
(MPD1, MPD2) are located on one chip and the PD pair (PD1, PD2) is located on another 

10 chip. It should be noted that the monitor PD pair (MPD1 and MPD2} are low frequency, 
side-illuminated waveguide photodiodes, while the receiver PD pair (PD1 and PD2) are 
top-illuminated devices with a frequency bandwidth of up to 2.5Gb/s. The single electrode 
117 in between the FP laser diode pair is the common drive electrode, while the 
electrodes 1 1 2. 1 1 3 for each of the monitor PDs are located on either side of the FP/MPD 

IS chip. A partial reflector, consisting of an etched groove 114, for example, is required at 
the rear of the FP laser diode pair to form the back facet The front facet 1 15 of the FP 
laser diode pair has an optimized optical coating such that it is of intermediate reflectivity 
for 1310nm light but of low reflectivity for the incoming 1490nm signal light. An insulating 
region is required between the FP laser diode pair and the monitor PD pair (ATT) and this 

20 could be realized by silicon implantation, to ensure good electrical isolation. 

The two top-illuminated receiver PDs are located on the PD chip and each one has 
two electrodes 1 16, 117 for the n and p contacts. As shown In Rgure 1 1, the two FP/MPD 
and PD chips are mounted in a SO'' configuration, i.e. perpendicular to one another, so as 
to achieve minimum electrical interference between the devices. The two chips are 

25 preferably arranged with a spacing of 50 to lOOjxm between them. 

The whole two-chip assembly, comprising FP laser diode pair, monitor PD (MPD) 
pair, and receiver PD pair, is mounted inside a 6-pin TOSA package. Figures 12A and 
12B illustrate, respectively, the top view and side view of the mounting configuration 120 
for the FP/MPD 121 and PD 122 chips within the TOSA package, and also the 

30 arrangement of bonding wires made between the chips and the pins of the TOSA 
package. A careful disposition of the devices, pins and t)onding wires within the package 
helps to minimize electrical interference within the package. In particular, a uniform 
circumferential arrangement of bonding wires and pins, as shown in Figure 12A, ensures 
very good electrical isolation between the different light-emitting and light-detecting 

35 devices. 
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Figure 13 shows a sixth emboeiiment of a transceiver 130. which is a modified form 
of the configufation shown in Figure 8. Here again, two separate chips are employed, 
with the FP laser diode pair 131. 132 and monitor PD (MPD) pair 133. 134 monolithicaily 
integrated in chip CI. As in the previous configuration, the epitaxial layer stmcture of chip 
5 CI is designed and grown to be absorbing for 1310nm light. The region of the FP laser 
diode pair 131, 132 is then QW intermixed to change its bandgap for emission at 1310nm. 
Similarly, the front waveguides of the FP laser diode pair are rendered transparent. The 
monitor PD pair 133. 134 is formed from part of the waveguides that lead away from the 
rear of the FP laser diode pair. As this region is not QW intermixed, it is capable of 
10 absorbing and detecting the 1310nm light. The monitor PD pair is designed for low speed 
operation, as it is used only to monitor the FP laser output power. 

Although the incoming 1490nm signal light has to pass through the FP laser diode 
region 131, 132 and monitor PD region 133, 134. there is no absorption as both the 
intermixed and non-intemnixed regions in chip CI are transparent to the 1490nm light. 
15 The differentially driven 135 operation of the FP laser diode pair 131. 132. together with 
the connection of the receiver PD pair 136, 137 to the positive inputs of the TIA 138, 
results in any small remaining signal due to back-propagating 1310nm light signal being 
rejected, enabling the realization of the required levels of electrical and optical cross-talk. 
By using the signal from the monitor PD pair 133. 134 in this configuration, the 
20 performance of the FP laser diode pair is sensed and this allows dynamic balancing of the 
optical performance of the two FP lasers 131, 132. Compensation for any performance 
mismatch between the two FP laser diode elements, and also deviations due to unequal 
ageing, can easily be effected. 

A seventii embodiment of a transceiver 140 is shown in Figure 14, and is a 
25 simplified variation on the embodiment shown in Figure 10. In ttiis in-line anangement. 
there is no "min-oring" of components, which instead comprises a single 1310nm FP laser 
diode 141, high speed monitor photodiode for 1310nm light (PD1) 142 and receiver PD 
(PD2) 143 for 1490nm light, fabricated on two separate chips, C1 and C2. as in previous 
embodiments. It should be noted that the two photodiodes 142, 143 have to be capable 
30 of high-speed operation, and monitor PD1 142 is to absortj only 1310nm light, while the 
receiver PD2 143 absortjs the 1490nm signal and any unwanted 1310nm leakage light. 
As in previous examples, the device is grown to be absort)ing for 1310nm light, and the 
region of the FP laser diode 141 and input waveguide are QW intermixed, leaving the 
waveguide behind tiie FP laser diode 141 non-intemnixed and absortaing for Oie 1310nm 
35 light 

The output of the monitor PD1 144 is fed to a TIA 144. and the resulting signal 
passed tiirough a variable attenuator (ATT) 145. As usual, tiie output signal from the 
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jceiver PD2 143 is also fed into a T!A 146. ' The outputs from the two TIAs 144, 146 are 
connected to an amplifier 147 in a differential mode of operation. Furthermore, a portion 
of the monitoring signal derived from the 1310nm light is tapped out 148 after the TIA 144 
before the signal enters the variable attenuator (ATT). As the single FP laser diode 141 
5 and monitor PD1 142 are monolithically integrated on chip CI, the driver for the FP laser 
141 has to be based on a PMOS design in order to accommodate the reverse-biased PD1 
142. 

In this configuration, the monitor signal from PD1 142 is calibrated so as to cancel 
the effect of the unwanted ISIOnm light detected by receiver PD2 143. Here, while the 

10 FP laser diode 141 is operating and emitting ISIOnm light, and in the absence of a 
1490nm input signal, the variable attenuator 145 is adjusted such that the RX signal is 
zero. This ensures to first order that the ISIOnm signals from the monitor PD1 142 and 
receiver PD2 143 are effectively cancelled out. Hence, in normal operating conditions, 
electrical and optical isolation between the 1490nm signal light and unwanted ISIOnm 

15 light can be effectively maintained. A further advantage of this configuration is that, by 
carrying out calibration at regular intervals, any degradation in ttie FP laser diode 141 
performance resulting from ageing can be compensated for. This compact configuration 
of two separate chips with 3 devices allows the transceiver to be packaged inside a 
conventional 4-pin TO-can. or TOSA package, leading to a low cost optical transceiver. 

20 Figure 15 shows an eighth embodiment of an optical transceiver 150, in which 

receiver sensitivity is much enhanced by employing a novel arrangement of PD with WDM 
filter. The design thus has someUiing in common with those shown in Figures 5 and 6. 
However, as compared to all previous configurations, where flie receiver PD pair is 
located after tiie FP laser diode pair, this configuration places the receiver PD pair (PD1, 

25 PD2) in front of the FP laser diode pair (FP1. FP2). Here, the receiver PD pair (PD1, 
PD2) is orientated at an angle of 45'' with respect to tiie plane of the FP laser diode chip, 
as shown in the insert 151 to Figure 15. The top surfaces of the receiver PD pair (PD1 
and PD2) are coated with a ttiin film WDM filter, such that the ISIOnm band light from the 
FP laser diode pair is reflected and thereby re-routed to a direction normal to the plane of 

30 the FP laser diode pair, while the 1490nm incoming light passes ttirough tiie tiiin film 
WDM filter to be absorbed by the receiver PD1. In this way. tiie requirements for the 
optical coating on the facets of the FP laser diode pair are much reduced, as the coatings 
only need to be designed for operation witti the ISIOnm light emitted by the laser diodes. 
Of course, in addition to ttiese refinements, use of the differential amplification scheme 

35 152 for the receiver PD pair, as shown in Figure 15, ensures effective optical and 
electrical isolation. 
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The configuration 160 of the rfeceiver'PD chip and the FP laser diode/monitor PD 
chip is shown in Figure 16. The monitor PDs are low frequency and have a ridge-based 
waveguide type structure, while the receiver PD pair (PD1. PD2) is of the top-illumination 
type, with a thin film WDM filter deposited on the upper surface. Good electrical isolation 
5 is implemented between the FP laser diode pair and monitor PD pair formed on the same 
chip. The two chips, receiver PD chip 161 and FP laser diode/monitor PD chip 162 are 
mounted on a specially designed metal submount 163. which acts as a heat sink as well 
as an electrical ground. It is noted that the PD-WDM-filter chip 162 is mounted on the 
45«.inclined slope of the submount so that light emitted by the FP laser diodes on chip 
10 161 is reflected so as to propagate in a direction that is nomnal to the Incident direction 
and also aligned to the optical axis of the TOSA package in which the whole assembly is 
packaged, as shown in Figure 17. Figure 17 also shows the layout of the chips 171. 
bonding wires 172 and pms 173 within the package 170. The electrical connections for 
the various components are unifbmily disposed around part of the circumference of the 
15 package. Moreover, the pins and wires for the matched PD pair PD1. PD2 are located 
symmetrically and at an orientation of 90» to those for the laser pair diode FP. in order to 
reduce electrical interference. Also shown Is the light collecting lens 174 at the input to 
the TOSA package. 

Figure 18A Illustrates a design fbr the receiver PD-WDM filter chip and Figure 18B 
20 shows in more detail the structure 180 of the receiver PD with WDM filter coating, which 
achieves the requisite level cross-talk. As described above, the thin film WDM filter 181 
serves to totally refiect the 1310nm light which is incident at an angle of 45» to its nomnal. 
On the other hand, the 1490nm incoming light is transmitted through the filter 181 to be 
absorbed and detected by the underiying photodiode. The receiver photodiode has a 
25 structure comprising a p^loped InGaAsP layer 182. which is absorbing at 1310nm. and an 
undoped l-lnGaAs layer 183. both layers grown successively on an n-lnP substrate 184. 
The InGaAsP 182 absorbing layer serves to absorta any residual 1310nm light that passes 
through the thin film WDM filter 181. With 15dB of filtering by the WDM filter 181. another 
15dB of attenuation of the 1310nm light by the absorption layer 182 and finally 20dB of 
30 effective isolation provided by differential detection, the -50dB optical cross-talk target can 
be achieved. 

As described before, electrical cross-talk witiiin the receiver PD-WDM filter chip 
can be controlled by reducing inductive and capadtive coupling tiirough SO' positioning of 
the wire bonding fbr the transmitter (FP laser diode pair) and receiver devices within the 
35 package. Further gains in electrical isolation can be made by employing capadtive 
shielding on the top surface of the receiver PD chip. Through these measures. 30dB of 



14 



iis p-^rTm <\wn 200501 3S17A2 1 > 



wo 2005/0 1J5 17 



PCT/CB2004/003333 



ectrical cross-talk reduction can be achieved. This, together with the additional 20dB 
contribution from differential detection, allows the -50dB electrical cross-talk target to be 
met. 

As shown in Figure 19, modification of the configuration described above leads to 
5 another embodiment for a transceiver 190. In this tenth embodiment, the FP/MPD chip is 
separated into two chips 191 and 192, with the FP laser diode pair located on one 191 
and monitor PD pair on the other 192. Here, broad area waveguide, edge-coupled 
photodiodes (MPD1, MPD2) are employed for monitoring the ouput of the FP laser diodes 
(FP1, FP2). By locating the two types of devices in separate chips, the issue of electrical 

10 isolation between the FP laser diode and monitor PD is eliminated. In addition, optical 
alignment between the FP laser diode and monitor PD is no longer as critical, since the 
broad area waveguide-based structures used for the monitor PDs have a relatively wide 
acceptance angle. The receiver PDs are located on a third chip 193. The same drive and 
receiver circuitry can be employed as previously shown in Figures 10 and 15. 

15 Figure 20A illustrates the physical layout of the three chips 202, 203, 204 for this 

tenth embodiment and Figure 20B shows 200 how they are mounted on a metal heat-sink 
201. It is noted that the section of the metal heat-sink for mounting the monitor PD 203 is 
inclined away from the FP laser diode 204 section. This orientation is designed to 
maximize the optical overlap between the light propagating in the monitor PD pair and the 

20 absorption layer in the monitor PD. In a similar manner to the eighth embodiment, the 
required optical and electrical cross-talk levels are achieved here by the combination of 
differential detection, thin film WDM filter, absorptive InGaAsP layer within the receiver PD 
pair, an the appropriate mounting of components and layout of bonding wires within the 
TOSA package. 

25 Figure 21 illustrates a tenth embodiment of a transceiver 210, in which use is 

again made of a receiver PD pair (PD1. PD2) with integral WDM filter, but which has 
different design, as will be described. Here, the two FP laser diodes (FP1, FP2) are 
driven in a differential mode of operation and a single monitor PD (MPDI) is used to 
collect and measure the sum of the optical output from the FP laser diode pair. The signal 

30 211 derived from the monitor PD is fed back to the laser driver IC 212 and used to control 
the power of the laser diodes. In addition, the two receiver PDs are connected and linked 
to the input of a TIA. This, together with the differential driving 213 of the FP laser diode 
pair, ensures that any signal resulting from the unwanted 1310nm light incident on the 
receiver PD pair will be cancelled out In this configuration, the electronic driver 212 and 

35 TIA 214 iCs are much simpler, and the use of differential driving for the FP laser diode 
pair also results in lower power consumption. 
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The layout of the three chips^(PD-WDM filter chip 222. FP chip 223 and monitor 
PD chip 224) is illusttated In Figure 22A. whereas a side view of the mounting 
arrangement 220 is shown in Figure 22B. In this embodiment, the monitor PD is aga.n 
provided by a broad area waveguide-based, side-illuminated structure that is designed to 
accept llghtfrom both of the two FP laser diodes. An n-type substrate can still be used for 
the receiver PD pair providing the electrical pad is located on top of a sufficiently th.ck 
layer of passivation dielectric, such as silicon nitride. All three chips are located on a 
single substrate 221. 

Figure 23 shows the structure 230 of the receiver PD for this embodiment in detail. 
It is noted that the active absorbing InGaAs layer is only located at one end 231 of the 
chip AS before, a thin film WDM filter 232 reflects the outgoing 1310nm light from the FP 
laser diode and the InGaAsP layer absorbs any stray 1310nm light that penetrates the 
filter 232 In fact, the residual 1310nm light would not actually reach the light sensrtive 
section 231. as this part is off-axis from the FP light path, thereby contributing to even 
greater isolation. Conversely, the Incoming 1490nm light entering the TOSA package .s 
converged by the optical lens of the package so as to fall onto the receiver PD section 
after propagation through the filter 232 and substrate 233 followed by reflection from the 
back surface 234 of the substrate. Optical isolation can be improved still further by 
coating the top of the PD with the p-contact metal so that any stray 1310nm light cannot 
enter Into the absorbing InGaAs layer from this direction. 

The simplified front-end electronics 240 for tiiis embodiment are shown in Figure 
24 Better sensitivity can be realized by using a single TIA for the receiver PD pair. 
Furthemiore. by designing the FP laser diode chip with a p-type or semUnsulating 
substrate a common +3.3V voltage line 241 can be adopted for the TIA IC 242 and driver 
1C 243 which greatiy simplifies the driver circuit as illustrated. Figures 25A and 258 
illustrate, respectively, a top view and a side view of the mounting conf^uration for tiiis 
optical transceiver within a S-pIn TOSA packaging 250. The receiver PD and FP laser 
diode bonding wires 251 and 252 are again oriented at 90« to each other to reduce 
interference As there Is only one monitor PD. tiiere is an extra pin NC available, and this 
could be used as GND for an internally located TIA. making the whole package even more 
compact 

The configuration described In the tenth embodiment can be extended to 
accommodate an additional wavelengtii. such as the 1550nm light used as a carrier for 
CATV Figure 26 shows an eleventh embodiment of a transceiver 260 in which the 
additional multiplexing Is provided to realize a triplexer transceiver module. In this type of 
device the incoming signal light consists of two wavelengths. 1490nm light and 1550nm 
light, which must be demultiplexed. As shown in Figure 26. this is achieved by fabricating 
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WDM filter 261 on a glass plate 262 to act as the demultiplexer The WDM filter 261 
could be based on a thin film multi-layered dielectric structure, or a micro-pattemed 
hologram formed on the glass plate. The filter can be designed such that 1490nm and 
1310nm light is transmitted through it. while 1550nm light is reflected so as to be incident 
5 onto a receiver PD chip 263. This receiver PD 264 for the 1550nm could be of a similar 
design to that used for detecting 1490nm light in the tenth embodiment, utilizing reflection 
from the lower face of the PD substrate 265 to route the signal to a InGaAs active layer 
located at one end of the chip 264. Again, an InGaAsP absorbing layer is included to 
absorb any stray ISIOnm light 

10 Figures 27A and 27B illustrate, respectively, a top view and a side view of the 

mounting configuration 270 for this optical transceiver within a six-pin TOSA package. All 
of the six pins are utilized, with two for the FP laser diode pair (FP1, FP2), and one each 
for the monitor PD (MPD), the PD for 1550nm light and the PD for 1490nm light and one 
for the power line (+3.3V). Again, the bonding wire 271 of the receiver PD for 1490nm is 

15 arranged in an orientation close to 90** from those 272 for the FP laser diode In order to 
minimize interference. The wire for the 1550 nm receiver PD is located between these. 

Figure 28 illustrates yet another, twelfth, embodiment for a triplexer transceiver 
280, in which the demultiplexer and receiver PD structure are all formed on a single chip. 
In addition to reflecting the outgoing ISIOnm light from flie FP laser diode 281, the WDM 

20 filter 282 also demultiplexes and diffracts the 1490nm and 1550nm light into two different 
directions. By locating the receiver PDs 283. 284 at the focal points of the two diffracted 
signals, the demultiplexed signals can be detected separately and any stray 1310nm tight 
is absoriDed by the InGaAsP layer. In this design, the WDM filter could be realized as 
either a holographic or d'iffractive optical element fabricated by means of a dielectric thin 

25 film. The 1490 nm and 1550 nm light is reflected from the lower surface 285 of the 
substrate 286. 

Rgure 29 shows a thirteenth embodiment of a transceiver 290, in which 
demultiplexing of the 1490nm and 1550nm light incident on the triplexer transceiver is 
realized by cascading the receiver PDs for the two wavelengths. Here, one receiver PD 

30 chip 291 is bonded on top of another 292. The upper receiver PD chip 291 has the WDM 
filter 293 that reflects the outgoing 1310nm light and allows the incoming 1490nm and 
1550nm light to pass through. The n-metal contact for the upper receiver PD 294 is 
accessed from the top surface. The WDM filter 295 of the lower receiver PD chip 292 
reflects the 1490nm light, re-routing it towards the upper receiver PD 294, where it is 

35 incident onto the InGaAs absorber layer located in the upper receiver PD 294. At the 
same time, the 1550nm light passes through the lower WDM filter 295 and is reflected by 
the mirror-coated lower surface 296 of the lower receiver PD chip 292 and re-routed 
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wards the InGaAs absorber layer of the Ibwer receiver PD 297. where it is detected. 
Consequently, the two wavelengths of incoming light are demultiplexed and routed by two 
separate receiver PD chips. SImilariy to the previous configurations, any stray 1310nm 
light is absorbed by the InGaAsP absorption layer and does not affect the PDs. 
5 Furthermore, by adopting the differential detection scheme as well, the required 
acceptable levels of cross-talk can be attained. The mounting configuration of the chips 
on a heat sink for this embodiment is similar to that illustrated in Figures 22A and 22B for 
the tenth embodiment 10. Alignment of the light paths along the optical axis of the lens in 
the TOSA package of Figure 27 is required, and pin allocation is the same as that for the 

10 eleventh embodiment. 

It is noted that the configurations described in embodiments 8 to 13 can also be 
used in a stand alone manner, without employing the differential drive scheme. 
Specifically, the PD/WDM-filter. depicted in Figures 18B. 23. 26. 28 and 29, significantly 
reduces the level of optical cross-talk on its own, as well as reducing the overall cost of 
15 the optical module. For certain low speed applications where electrical cross-talk is not a 
major issue, this PD/WDM-fllter chip together with the use of the improved optics is 
sufficient to realize the necessary perfomiance specifications for an optical transceiver, 
and hence the use of a differential drive operation is not necessary and can be omitted. In 
addition, the mounting and packaging configurations, depicted in Figures 22, 25 and 27 
20 can also be used without the differential drive scheme. 

It is noted that the present invention is not only restricted to PON optical 
transceivers, but applies to all kinds of bi-directional transmission applications with WDM. 
In all the ONU transceivers described above, the transmitter has been a FP laser diode, 
as this is typical. However, DFB lasers may equally be used as the transmitter light 
25 source. Furthermore, the epitaxial layer stmcture of the chip on which the laser diode pair 
are formed can be based on either InGaAsP/lnP or InAIGaAs/lnP material systems. The 
photodetectors used in the optical transceiver module can be of either the P-l-N 
photodiode or avalanche photodiode type. 

Although the focus has been on the 6-pin TOSA type packaging, a variety of 
30 packages with 5 or more pins may be used, depending upon the functional requirements. 
In addition, other aspects of the design are open to alternative configuration. For 
example, the monitor PD may or may not be slanted to avoid back reflection, the TIA and 
laser driver may be located be in one chip or in separate chips. Various modifications are 
possible with regard to the specific pin assignment and pin locations, and also to the 
35 detailed design of the chip locations within a package and on a heat sink. 
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Claims 

1 . An optical transceiver comprising: 

an optical port for coupling optical signals into and out of the optical 
5 . transceiver; 

a first optical transmitter for generating an optical output signal at a first 
wavelength in dependence on an electrical driving signal; 

a first optical receiver for detecting an optical input signal at a second 
wavelength, the optical receiver generating an electrical received signal in 
10 dependence on the optical input signal; and, 

means for compensating for an electrical en:or signal, the error signal being 
generated by the optical receiver in dependence on a portion of the optical output 
signal detected at the first wavelength and added to the electrical received signal. 

15 2. An optical transceiver according to claim 1, wherein the compensating means 
comprises: 

a second optical receiver for generating an electrical correction signal in 
dependence on a portion of the optical output signal detected at the first 
wavelength; and, 

20 means for combining the electrical correction signal with the electrical 

received signal and error signal such that, in use. the electrical enror signal is 
substantially compensated for. 

3. An optical transceiver according to claim 1, wherein the compensating means 
25 comprises: 

a second optical transmitter for generating an optical con^ction signal at 
the first wavelengtii in dependence on the electrical driving signal; 

a second optical receiver for generating an electrical correction signal in 
dependence on the optical correction signal; and, 
30 means for combining \he electrical correction signal with the electrical 

received signal and error signal such that, in use. ttie electrical error signal is 
substantially compensated for. 

4. An optical transceiver according to claim 2 or claim 3, wherein tiie combining 
35 means is a differential amplifier. 
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An optical transceiver any of claims 2 to 4, wherein the first optical receiver and 
the second optical receiver are substantially a matched pair, for equality of response. 

6. An optical transceiver according to any of claims 3 to 5. wherein the first optical 
5 transmitter and the second optical transmitter are driven differentially by the electrical 

driving signal and the combining means is a summing amplifier. 

7. An optical transceiver any of claims 3 to 6. wherein the first optical transmitter and 
the second optical transmitter are substantially a matched pair, for equality of signal 

10 generation. 

8. An optical transceiver according to any preceding claim, wherein an optical 
transmitter comprises a laser diode. 

15 9. An optical transceiver according to any preceding claim, wherein an optical 
receiver comprises a photodiode. 

10. An optical transceiver according to any preceding claim, wherein the optical port 
comprises a wavelength division multiplexing (WDM) filter for spatial routing of the optical 

20 output signal at the first wavelengtti and the optical input signal at Vne second wavelength. 

11. An optical transceiver according to claim 10. wherein the wavelength division 
multiplexing filter is a thin film filter disposed on a substi^te adjacent an optical receiver. 

25 12. An optical transceiver according to claim 11. wherein the waveiengtti division 
multiplexing filter and ttie optical receiver are located on an upper surface of a substiate. a 
lower surface of the substrate being coated to reflect light at tiie second wavelength. 

13. An optical ti^nsceiver according to any preceding claim, further comprising an 
30 optical detector for monitoring ttie optical signal generated by an optical transmitter. 

14. An optical transceiver according to claim 13. wherein ttie optical detector is 
disposed between tiie optical transmitter and an optical transceiver. 

35 15. An optical transceiver according to claim 13 or claim 14. wherein ttie means for 
compensating for the electtical error signal comprises ttie optical detector and an 
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ectrical signal derived from it in dependence on a portion of the optical output signal 
from a transmitter. 

16. An optical transceiver according to any preceding claim, wherein the first optical 
5 transmitter is located on a first substrate and the first optical receiver is located on a 

second substrate, the first and second substrates being disposed substantially 
perpendicular to each other. 

17. An optical transceiver according to any of claims 1 to 15, wherein the first optical 
10 trarsmitter is located on a first substrate and the first optical receiver is located on a 

second substrate, the first and second substrates being disposed at an angle of 
substantially 45 degrees to each other. 

1 8. An optical triplexer transceiver comprising: 

15 an optical transceiver according to any preceding claim; 

a further optical receiver for detecting an optical input signal at a third 
wavelength, the further optical receiver generating a further electrical received 
signal in dependence on the optical input signal at the third wavelength; and, 

a wavelength division multiplexing filter for spatial routing of the optical 
20 output signal at the first wavelength and the optical input signals at the second and 

third wavelengths. 

19. An optical transceiver according to any preceding claim, wherein an optical signal 
has a wavelength within a range selected from a group including 1260nm to 1360nm. 

25 1480nm to 1500nm and 1539nm to 1565nm. 

20. A packaged optical transceiver comprising an optical transceiver according to any 
preceding claim packaged within a Transmitter Optical Sub-Assembly (TOSA) module. 

30 21. A packaged optical transceiver according to claim 20, wherein a first electrical 
contact and a second electrical contact are circumferentially disposed on a base of the 
TOSA module at substantially 90 degrees to each other, the first electrical contact being 
connected to an optical transmitter within the module and the second electrical contact 
being connected to an optical receiver v^thin the module. 

35 
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>. An Optical transceiver comprishg: 

an optical port for coupling optical signals into and out of the optical 

transceiver; 

an optical transmitter for generating an optical output signal at a first 
5 wavelength In dependence on an electrical driving signal; 

an optical receiver for detecting an optical input signal at a second 
wavelength, the optical receiver comprising a photodetector fomned on a receiver 
substrate, the photodetector generating an electrical received signal in 
dependence on the optical input signal; and, 
10 a wavelength division multiplexing (WDM) filter for routing the optical output 

signal from the transmitter to the optical port and for routing the optical input signal 
from the optical port to the receiver, the WDM filter comprising a thin film filter 
disposed on the receiver substrate, the receiver substrate disposed at an angle of 
substantially 45 degrees to a plane containing the transmitter. 

15 

23. An optical transceiver according to claim 22, wherein the photodetector and the 
thin film WDM filter are disposed on an upper surface of the receiver substrate and an 
optical coating that is reflective at the second wavelength is disposed on a lower surface 
of the substrate such that, in use, the optical input signal diffracted through the thin film 
20 filter and refiected by the optical coating towards the photodetector. 

2 An optical triplexer transceiver, comprising an optical transceiver according to 
claim 23. the thin film WDM filter routing an optical input signal at a third wavelength 
towards another photodetector disposed on the upper surface of the receiver substrate, in 
25 use. the optical input signal at the third wavelength diffracted through the thin film filter 
and reflected by the optical coating on the lower surface of the substrate towards the other 
photodetector. 

25. An optical triplexer transceiver, comprising an optical transceiver according to 
30 claim 23. wherein the receiver substrate having the photodetector and thin film WDM filter 
is disposed on an upper surface of another receiver substrate, another photodetector 
responsive to a third wavelength and another thin film WDM filter disposed on the upper 
surface of the other receiver substrate and an optical coating that is reflective at the third 
wavelength disposed on a lower surface of the other substrate, in use, the optical input 
35 signal at the second wavelength routed by the other thin film WDM filter towards the 
photodetector and an optical input signal at the third wavelength diffracted through the 
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er thin film filter and reflected by the optical coating on the lower surface of the other 
substrate towards the other photodetector. 

26. An optical transceiver according to any of claims 22 to 25, wherein the receiver 
S comprises a layer that absorbs light at the first wavelength. 

27. An optical triplexer transceiver comprising: 
an optical port for coupling optical signals into and out of the optical 

transceiver; 

an optical transmitter for generating an optical output signal at a first 
wavelength in dependence on an electrical driving signal; 

a first optical receiver for detecting an optical input signal at a second 
wavelength and a second optical receiver for detecting an optical input signal at a 
third wavelengUi, each of tiie first and second optical receiver comprising a 
photodetector formed on a receiver substrate, each photodetector generating an 
electrical received signal in dependence on tiie received optical input signal; and, 

a wavelengtii division multiplexing (WDM) filter for routing tiie optical output 
signal from tiie transmitter to tiie optical port and for demultiplexing tiie optical 
input signal and routing tiie input signal at the second wavelengtii from the optical 
port to the first photodetector and for routing the input signal at tiie tiiird 
wavelengtii from the optical port to tiie second photodetector, the WDM filter 
comprising a tiiin film filter disposed on a glass substrate, tiie glass substi'ate 
disposed between and substantially perpendicular to tiie two receiver substrates. 

25 28. An optical triplexer transceiver according to claim 26, wherein tiie two receiver 
substi-ates and tiie WDM filter are disposed at an angle of substantially 45 degrees to a 
plane containing the transmitter. 

29. An optical blplexer transceiver according to claim 26 or claim 27, wherein each of 
30 the first receiver and second receiver comprises a receiver substa-ate having a thin film 
WDM filter and a photodetector disposed on an upper surface of the receiver substrate 
and an optical coating on tiie a lower surface of tiie substrate, in use, each of tiie optical 
input signals at tiie second and tiiird wavelengtii are routed by tiie WDM demultiplexer to 
their respective receiver, wherein tiie signal is diffracted through the thin film filter and 
35 reflected by tiie optical coating on the lower surface of the receiver substrate towards the 
photodetector. 
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